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Executive Summary

Study Objective

The Unmanned Aerial Vehicle (UAV) Joint Program Office (JPO) is developing a UAV
system with which to conduct various reconnaissance and surveillance missions. A central
component of this system is the data link that will download imagery data to the Mission Payload
Operator. UAVs provide operational commanders with real-time video of opposing forces, terrain
factors, and own-force disposition. Bandwidth reduction in a digital data link can guard against
jamming and provide data link security: however, this reduction may result in an impact to the
human operator. The objective of this research task is to determine the degree to which data
volume can be reduced in terms of frame rate. spatial and grey-scale resolution, while retaining
sufficient information to support human performance of mission tasks. This final report presents
the results of these investigations.

Background

Two common techniques by which video data rates can be reduced exist: data compression
and data truncation. The application of both methods may result in sufficient data reduction that
existing digital data links with low to moderate data rates will be suitable for the downlinking of
video imagery.

Data compression processes the video data into a more efficient form. All or most of the
information is retained and may be recovered for use by applying the inverse of the compression
process. In practice some information is lost due to inefficiencies in the compression and
decompression processes.

Data truncation cuts out and discards some data to reduce the overall data rate. Truncated
data is permanently lost and cannot be recovered. Data truncation includes techniques such as
frame rate and resolution reduction.

Conventional video is transmitted at 25 to 30 frames per second. The result of reducing
frame rate is that the operator is presented with only a subset of the frames sampled by the sensor.
The human performance research literature reviewed supports the use of frame rates at 1.88 - 2
frames per second (fps) for static operator tasks (target detection and recognition) and 3.75 - 4
frames per second for more dynamic tasks (target tracking and designation). Resolution can be



reduced across the total display or for the number of TV lines across some target dimension that are

needed to resolve the target. Baseline values that support human performance for each type of

resolution reduction method were identified in the literature and examined in the experiments

conducted as part of this effort. None of the TV line resolution values were tested in designation

or tracking tasks in the empirical research reviewed. Additionally, the studies reviewed were

carried out with non-mission imagery using experimentally derived target scenarios. The work

documented in this report contributes to the human performance literature by using mission-

realistic scenarios and by evaluating operator performance with identified baseline levels of

resolution (2, 8, and 12 TV lines) derived from manipulating mission parameters (sensor altitude,

field of view, look-down angle) in target designation and tracking tasks and frame rate (2, 4, and

7.5 fps).

Subsequent to an extensive survey of related literature, experiments were conducted to

determine the minimum video presentation requirements such that the operator could still perform

the necessary tasks required by the mission. Four basic operator tasks were identified from the

literature search: detection, recognition/identification. tracking and designation.

The experiments conducted evaluated the effect of minimum frame rate and resolution

values on operator performance. The values chosen were identified from the literature. Data

compression was implemented using a Joint Photographic Experts Group (JPEG) compression

algorithm operating at a 50:1 compression ratio. In Experiment One. actual UAV imagery was

obtained and used in order to evaluate operator performance in realistic mission scenarios. Pioneer

mission footage was used to create two sets of simulations in which the effects of frame rate,

resolution. and compression were evaluated. In Experiment Two. a pilot study of two dynamic

tasks (designation and tracking) was conducted at the Joint Development Facility (JDF) in

collaboration with Cambridge Research Associates. Inc., McLean. VA. The goal was to identify

those minimum values that would support adequate performance in an interactive scenario with the

operator in the control loop. Participants for the experiments consisted of VC-6 personnel and

Vitro personnel with previous military experience in target acquisition tasks.

Res ..Its

Experiment One:

Frame rate was found to be a much more critical variable than spatial resolution. In both

Experiment One studies. faster frame rates (4 fps) are associated with faster reaction times. higher

confidence. and faster confidence ratings. The effect of frame rate on error performance. however.

is less consistent and less easily interpreted. Higher frame rates resulted in a decreased number of



time-outs (inability to complete the ,ask in the allotted time) and a decreased error rate for
designation tasks. An increased error rate in recognition was observed that was counter-intuitive
and could not be explained in the context of the experiment.

Spatial resolution had no measurable effect on reaction times or confidence measures for
any task. The only dependent variable affected by resolution across all three tasks was image
quality rating. Resolution had a marginal effect on error rates for the recognition task. Experience
was found to affect an operators' confidence in decision making. Experience also resulted in fewer
time-outs which indicates better decision making ability. Thus experienced personnel were able to
complete tasks more often and felt more confident about their performance capability. Further
studies are appropriate to more completely evaluate the influence of experience on performance.

Exneriment Two:

Consistent with Experiment One. frame rate was again found to produce more of an effect
on performance than spatial resolution. A similar pattern was observed with higher frame rates
associated with faster acquisition. faster designation time, smaller designation error, and smaller
tracking error. In many tasks, no difference was observed between 4 and 7.5 fps which validates
previous human performance results in RPV programs. A rate of 4 fps was sufficient to produce
acceptable operator performance in both dynamic tasks.

Spatial resolution also had some effect on operator performance in Experiment Two. but
these results were again not as consistent as was the frame rate effect. Whereas frame rate affects
performance overall, spatial resolution affects only specific tasks. For example. the learning rate
for the task. improves only at the lowest resolution (2 lines). Designation time is faster at the
highest resolution (12 lines), but resolution had no effect on designation error. Completion rate.
the percentage of completed trials (which is analogous to time-outs in Experiment Or,,:) is better at
lower resolution, presumably since the target was was always visible on the display.

The frame rate and spatial resolution interactions are of particular in:crest to the trade-offs
considered. If higher resolution is needed for a task. then either 4 or 7.€ fps can be used and
similar operator performance can be expected. Since 7.5 fps is not supported by the JTIDS data
link at a 50:1 compression ratio, and since performance is the same at 4 or 7.5 fps, it is
recommended that values of 4 fps and 8 or 12 lines across the target be adopted for tasks that
require designation speed and acquisition accuracy if JTLDS is selected as the UAV data link. It is
noted that further investigation of resolution values around 8 lines is needed to clarify some of the
inconsistencies found. Examining human performance in similar tasks with 6. 8, and 10 TV lines
of resolution should clarify any ambiguity. The interaction effects of frame rate and spatial
resolution on percentage of trials completed suggests that operators need hipher frame rates (4 fps)
if higher resolution (12 lines) is available. A 2 fps/12 lines combination is to be avoided. As



noted, the best completion rate performance was at 2 lines of resolution across the target. This is
presumably because the target was sometimes lost from the display at higher resolution resolution
levels.

Conclusions

The control group in Experiment One served to define operator performance under normal
conditions. They obtained a 90% performance level for the three tasks evaluated (detection.
recognition, designation) with reaction times ranging from 3.5 to 4.6 seconds. This performance
criterion meets those suggested in the literature. However. none of the bandwidth trade-off
conditions met this performance requirement. The best performance was observed in the groups
that had 4 fps. As the Bandwidth Trade-Off Table shows (Section 7 of this report), the 4 frames.
full resolution condition is not compatible with the JTIDS data rate at a 50:1 compression ratio.
Performance comparisons between full and half resolution with 4 fps did not differ in ways that
would affect operational performance. The Summary Human Performance Table - Experiment
One (Section 7 of this report) shows performance levels of 70 to 78% with reaction times ranging
from 3.9 to 5.9 secs with 4 fps at half resolution (full display). This could be used as a starting
point for defining the digital data link requirements.

The 8 lines/4 fps and 12 lines/4 fps conditions for Experiment Two, shown in the
Summary Human Performance Table - Experiment Two (Section 7 of this report) have similar
performance in tracking and designation tasks. The results suggest that the lower resolution level
of 2 lines can help operators re-acquire a target that moves off the display. No real differences are
noticed at 4 fps with 2. 8, or 12 lines for designation task performance. In tracking tasks, the 8
linesi4 fps demonstrated the best performance. The results observed at 8 lines were less consistent
than other data analyzed, and may be an appropriate subject for additional study.

Recommendations

A frame rate of 4 frames per second is sufficient to support the operator tasks of detection.
recognition. designation. and tracking for the various UAV missions.

The adequate performance observed at half resolution across the total display suggests that
reduced resolution does not effect performance markedly. A recommendation is made. however.
for display tools to enhance operator performance and increase target detection sensitivity and
recognition capabilities. These tools, such as those noted below, can enhance situation awareness
in detection. recognition, designation and tracking tasks.



a. changeable FOV
b. selectable compression ratios
c. selectable frame rates

d. windowing at different resolutions or compression ratios

Performance can be enhanced by providing training for different data presentation trade-off
combinations. It was found that practice is also beneficial in improving joystick control technique.

Reliable operator performance levels can be maintained up to a 50:1 compression ratio
when using the JPEG DCT algorithm. Higher compression ratios may obtainable for video
imagery using the Motion Pictures Experts Group (MPEG) compression standard, possibly up to a
200:1 ratio for UAV video imagery. This level of compression could yield an 8Hz frame rate for
JTIDS type data rates. An MPEG type of compression algorithm was not available during the
experiments. but its suitability for UAV video imagerv should be investigated.

Further investigations of the dvnamic tasks are recommended in order to identify more
precise performance recommendations. While these research results provide preliminary data link
design requirements. more information is needed to clarify performance around 8 lines of
resolution (e. g., examine 6, 8, and 10 lines). Additionally, the method of joystick control
influences performance in dynamic tasks and should be examined further. Finally, comparisons of
different ratios and different algorithms in combination with different frame rate and resolution
trade-offs can provide further insights into compression effects on human performance.
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1. Introduction

This report supports early planning leading to the specification and design of Unmanned
Aerial Vehicle (UAV) data link and mission planning subsystems. The report covers a number of
topics impacting the study of bandwidth reduction/compression options for the UAV in terms of
operator performance.

a. Section 1 introduces the problem. objective, and technical approach of the study.
b. Section 2 briefly describes the mission requirements under consideration and the

analysis of the missions in terms of operator tasks. These task requirements are the basis for
examining human performance in the experiments conducted.

c. Sections 3 and 4 provide technical background on the bandwidth compression
problem, data link requirements. and image analysis methodologies applicable to image
interpretation and visual performance.

d. Section 5 discusses the results of previous human performance studies and
assessments of the effects of bandwidth reduction on operator performance. This review identifies
minimal values for frame rate and resolution reduction as a baseline in the experiments.

e. Section 6 describes the human factors experiments conducted and presents the0 results.

f. Section 7 summarizes results and presents specific design recommendations.
g. Appendices contain supplementary information and lists of references and

acronyms used in this report.

1.1 Statement of the Problem

A primary use of the UAV is to provide operational forces with real-time imagery of
opposing forces, terrain factors, targets and own-force disposition. Imagery may be collected with
various devices including TV, Charge Coupled Device (CCD) cameras, Forward Looking Infrared
(FLIR) devices, Infrared Line Scanners (IRLSs), and Synthetic Aperture Radar (SAR). The
imagery is transmitted to a surface station via a data link system. For battlefield applications, digital
data links are often considered more secure than analog links. In order to transmit the imagery at
the full frame rate (e.g., 30 frames/sec) and at 6-to-8-bit grey scale resolution, the data rate must be
on the order of 45 - 70 Megabits/sec. Currently. data links capable of meeting such requirements
are too costlv for the comparatively low cost UAV systems. Consequently, it is desirable to
determine the extent to which sensor information density, hence bandwidth. can be reduced while
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maintaining the human operators' performance at high levels for specified UAV missions. This

information serves both as a design guideiine for the UAV systems and as a guide for mission task

requirements.

1.2 Objective

The objective of this study is to determine the degree to which data volume can be reduced

in terms of frame rate. spatial and grey-scale resolution. while retaining sufficient information for

the Mission Payload Operator to perform mission tasks.

1.3 Technical Approach

Image processing technology was combined with human factors experimentation to design

simulations of realistic tasks required of the Mission Payload Operator in performing the UAV

missions. These simulations allowed us to assess human performance in terms of the operator

tasks being performed with different combinations of frame rate. resolution. and compression.

An extensive body of experimental literature was surveyed and analyzed concerning

human performance in imagery related tasks with various bandwidth reduction techniques. In

parallel. image processing literature on bandwidth compression and reduction techniques was

evaluated. As a result of these analyses, baseline frame rates and resolution values that support

human performance in target acquisition tasks were identified. Similarly, a compression algorithm

was identified that could compress video imagery at higher ratios in order to meet narrow

bandwidth limits (119 kilobits per scurJnd). Two human factors experiments were then designed

and conducted with military personnel to reassess previously identified performance results with 1)

real mission imagery and 2) higher compression ratios. Two types of experiments were conducted:

one that examined performance in detection. recognition, and designation tasks with real UAV

mission imagery (called static tasks a- none of the system parameters could be manipulated), and

another that investigated the dynamic tasks (designation and tracking) in a simulated mission

scenario with sensor flight parameter manipulations that resulted in specific ground resolved

distances for targets.

1-2



9 In order to interpret the effects of different bandwidth reduction techniques on operator
performance. a quantitative image analysis was also conducted on the imagery used in the
,xperuments. This quantitative measure of imagery quality served as a baseline for defining the
:.ntelligibiiity of the imagery that was viewed by operators, and for making informed data link
design recommendations.

0
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2. Mission Functions and Operator Tasks

Mission definitions were taken from references from the UAV Joint Program Office (JPO)
and Project Group 35 [1][ [2]. The mission definitions provided are further characterized in terms
of expected UAV operational parameters such as altitude, speed, etc. (or ranges of parameters), to
specify the context of the imagery in relation to the operator performance analysis. Based on
review of these mission definitions it was decided that, for missions utilizing imaging payloads.
there are three basic mission functions that must be performed:

a. Reconnaissance. Surveillance and Target Acquisition

b. Gunfi-e/Artillery Spotting

c. Bomb/Battle Damage Assessment

Each UAV mission function has associated with it tasks that the Mission Payload Operator
must perform in order to achieve mission objectives. Inasmuch as the present study concerns the
evaluation of human performance. these missions were analyzed to determine the primary operator
tasks necessary to perform the mission. As a result of this analysis, it was determined that the
primary operator tasks of interest to the study were: S

a. Detection

b. Identification or recognition

c. Designation

d. Tracking

Such tasks will be specified in the context of each mission function and under the conditions, such
as UAV flight profile, for each mission discussed below.

2.1 Primary Missions

2.1.1 Reconnaissance, Surveillance and Target Acquisition (RSTA)

As a highly mobile, cued sensor. the UAV system will complement manned aircraft in
performing RSTA missions in high-risk areas. Recent experience in Operation Desert Storm
demonstrated the value of the UAV for such roles. For the purpose of this study. RSTA includes
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those activities that lead to targeting, including the detection, localization, identification, and
classification of sea and shore targets. An electro-optic/infrared (EO/IR) sensor is used as the
UAV payload in the RSTA missions. The UAV system provides imagery to the operator for the
performance of the necessary operator tasks. The present study deals only with so-called framing
camera imagery such as that from EO/IR sensors.

RSTA Operator Tasks. In RSTA missions the operator will view UAV imagery to
detect, localize, identify (recognize), and classify targets. In some cases the operator may be
required to slew the sensor to gain a different viewing angle. Limited target tracking may be
required in order to keep a moving target in the field of view (FOV) during classification or
identification. Tracking in this case need only involve keeping the sensor pointed roughly at the
target area rather than the more difficult task of keeping the target positioned under a cross-hair.

UAV Mission Parameters. During the search mode of the typical RSTA mission, it is
expected that the UAV will fly at an altitude of 1000 to 3000 meters, at an air speed of 90 knots.
The sensor package will maintain a look down angle of 350 and a FOV of 300 horizontal -x- 40*
vertical. Once a potential target is detected, the sensor may be slewed to position the target
approximately at the center of the FOV and a longer focal length lens may be switched into position
for localization, identification, and classification. The FOV in this case will be around 3"-x-4". If
necessary, the UAV may drop to an altitude between 100 - 1000 meters for target identification.

2.1.2 Gunfire/Artillery Spotting

The objective of the gunfire/artillery spotting mission is to detect, localize, and identify
targets for naval guns and field artillery and to provide adjustments to the fall of shot for land and
sea targets. For the at-sea mission, the UAV transits to the mission area and commences an
imagery search along with Electronic Support Measures (ESM), when available. For the land
mission, the UAV transits to the designated geographic position and provides imagery and
navigation data to locate the desired target(s). The accuracy of the navigation data, when combined
with other UAV capabilities, will enable the first fall of shot to be within the FOV of the modular
mission payload. If available, ESM data may also be used to confirm the target location and
identification. Adjustments in the fall of shot are made relative to the designated target by
measurement enabled through the UAV control equipment. Onboard recording of the imagery data
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by the UAV may be helpful in the post-mission reconstruction, but plays no part in the real-tiue
gun fire adjustment.

Gunfire/Artillery Spotting Operator Tasks. Initiallv the operator will perform tasks
similar to those described above under RSTA. The principal additional task will be the
measurement of the exact position of the shot fall relative to that of the target. The UAV system
may be equipped with a semi-automated coordinate designation or shot correction system. In this
case, the specification of targeting correction could involve the operator positioning a cross-hair or
touching the screen in order to specify target position and shot fall position. The designation time
need only be long enough for the system to register the appropriate screen coordinate. In this case.
adjustment distances and direction would be computed by the system automatically. In the case
that UAV navigation information is not sufficientlv accurate for automated computation of
correction information, the operator will have to specify approximate distance and directional
information in much the same manner as would a conventionally deployed artillery spotter.
Additional dwell time might be required to allow for estimates or measurements to be made from

screen display.

UAV Mission Parameters. During the typical gunfire/artillery spotting mission, it is
expected that the UAV will fly at a nominal altitude of 1000 - 3000 meters at an air speed of 90
knots. While in search mode, the sensor package will maintain a look angle of elevation 35° and a
wide-angle FOV of 300 x 40'. Once a target is detected, the sensor will be slewed to position the
target approximately at the center of the FOV and a longer focal length lens. FOV = 3' will be
switched into position for localization, identification, and classification. The wide angle view will
be selected for actual spotting such that both target and shot fall positions may be viewed
simultaneously. The UAV will transition into an orbit mode such that the target remains in the

sensor FOV.

2.1.3 Bomb/Battle Damage Assessment (BDA)

The objective of the BDA mission is to detect, locate and identify the extent of damage to
ships or shore targets. The BDA mission will be performed in a mission area that is out of the line
of sight of the weapons system and its sensors. If endurance permits, the UAV system could
perform both pre-strike and post-strike support. The UAV system provides imagery to confirm the
extent of damage on the desired target(s). The UAV svstem provides high resolution images of the
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desired targets. Onboard recording of the imagery data by the UAV may be necessary in order to
allow for autonomous missions outside data link line of sight.

BDA Operator Tasks. The operator will have to localize the target in the sensor FOV
by controlling the sensor position (slewing) and zoom state so as to locate and determine/measure
damage to the target. This task will overlap with the RSTA and the Gunfire/Artillery Spotting
missions to the extent that these also involve search and recognition functions. Ground resolution
demands may be somewhat greater for the BDA mission, however. Damage may be subtle for
certain targets and the operator may need to make estimates, for example, of the size of a hole in a
hull and its distance above the waterline or may need to determine damage to operational parts of a
tank, or other vehicle, or artillery piece. The UAV may need to orbit a target to obtain views from
several different aspects in order for BDA mission to be accomplished. In this case, the sensor
will have to be slewed to keep the target in the FOV.

UAV Mission Parameters. During the typical BDA mission it is expected that the
UAV will fly at an altitude of 100 - 3000 meters and at an air speed of 90 knots in search mode
with a FOV of 300 x 400. Once the target is detected, the sensor will be slewed to position the
target approximately at the center of the FOV and a longer focal length lens will be switched into
position for BDA. The UAV will be maneuvered to a lower altitude, e.g. 100 - 1000 meters, so as
to view the target from a lower angle to assess damage. The mission profile for this mission may
simply be an extension of the RSTA or Gunfire/Artillery Spotting missions; in which case, the
UAV will already be in position.

0
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3. UAV Data Link Requirements

A single frame of a typical video system consists of. for example. 512 x 512 pixels.

Within the dynamic range of most sensors, each pixel would be associated with a monochrome

intensity value represented by a 6 to 8 bit word. That is, typical sensors and display systems can

easily record 26 (64) to 28 (256) levels of grey. Typical Charge Coupled Device (CCD) cameras

can produce 512 x 512 pixel frames at 30 frames per second (fps). A single frame quantized at a 6
bit grey-scale resolution would amount to 512 x 512 x 6 = 1,572,864 bits. Thus, approximately

1.6 Megabits (MBits) would be required to transmit the single image at maximum fidelity.
Framing cameras generate such imagery at up to 30 f)s. To transmit standard framing camera

imagery at this resolution and frame rate requires a aI.za rate of 1.6 Mbit/frame x 30 fps. or
approximatel,, O Mbit/second.

From this example. it becomes obvious that the bandwidth requirement could be reduced in
one of three ways. One can reduce the size of the image being transmitted, i.e., reduce the number

of pixels: reduce the number of bits with which to represent the intensity information. i.e., reduce
the number of quantization levels; or one can reduce the rate at which frames are transmitted per

unit time.

No bandwidth specification was provided a priori to be considered as a goal for the
current study. However, recent tri-service efforts to conform to the Joint Tactical Information

Distribution System (JTIDS) offer guidance in recommending bandwidth limitations. In contrast
to a data rate of 50 Mbit described above, the current JTIDS would allow data rates on the order of

100 - 200 Kbits/sec. Significant data reduction/compression techniques would be required to fit

the UAV imagery within this standard.

3.1 Bandwidth Reduction

Bandwidth reduction in a digital data link can guard against jamming and enhance
communications security. This reduction, however, may result in a performance cost to the human

operator. Two common techniques by which video data rates can be reduced exist: data
compression and bandwidth reduction. Simple data bandwidth reduction methods involve
manipulating frame rate and spatial resolution. Data compression involves the reduction of bits of

picture elements (pixels). These methods are discussed briefly below.
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Spatial Resolution Reduction. An image can be physically reduced by mapping
multiple pixels in the input image to a single pixel in a smaller output image. For example. a 512 x
512 pixel image may be reduced into a 256 x 256 pixel imrge by replacing a block of four pixels
with a single pixel representing the average value of four neighboring pixels in the original image.
The resultant pixel value may be represented at any desired level of precision. The spatial
resolution of the resultant image is reduced, however.

As spatial resolution is reduced, the maximum ranges for detecting targets by a given
sensor will be reduced by the same factor. That is, combining two pixels each in the horizontal
and vertical image dimensions merely increases the dimension of the ground resolution cell by the
same factor in each dimension [16]. Thus, resolution reduction is unlikely to yield a net gain over
simply clipping a smaller section of the frame for transmission and display at maximum resolution.
i.e., image trmcation.

Frame Rate Reduction. A significant reduction in bandwidth can be achieved by
reducing the number of image frames transmitted in a unit of time, i.e., the frame rate. As
indicated above, at 30 fps, conventional video or FUR sensors generate data at an adequate rate for
supporting human performance in target acquisition tasks. In order to prsrve temporal integrity
of the sensor system, i.e., the tempoml correspondence between the scene sampling and the
display, frame rate reduction must be accomplished by discarding image frames at the point of
acquisition. From the perspective of saving computational time, it is wisest to discard frames prior
to other processing, e.g., image compression. Regardless of where in the process the frames are
discarded, the result is that the operator is presented with only a subset of the frames sampled by
the sensor. The reduction of frame rate, however, generally implies that the frames be displayed
on the video monitor at the full cycling rate of the cathode ray tube (CRT). That is, even though
only one frame per second is presented to the observer, it is important that the frame be refreshed
on the screen at the full 30 fps. Otherwise, objectionable flicker of the screen will result. This
means that each frame must be buffered or stored and displayed repeatedly during the interframe
interval.

Image Compression. Image compression techniques reduce the number of bits required
to represent the image. Image compression methods are based on the premise that much image
information is redundant or otherwise expendable. Thus, some compression methods reduce
redundancy by transforming the original image to a more compact mathematical expression. Other
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methods discard image information that is beyond or near the limits of human visual perception
and. therefore, is not missed in the decompressed image. Some use a combination of techniques.
A survey of image compression techniques may be found in [3] and image processing in general in

[4].

,Many compression methods reduce the image size by reducing the length of the computer
words used to represent the quantized level of energy intensity associated with each pixel location
in the image. As indicated above, video imagery displayed on standard video cathode ray tube
momtors is encoded in a 6-bit word. Six bits permits designation of 64 intensity levels by
numbers from 0 to 63. Significant compression can be achieved by representing the intensity
values in fewer than 6 bits. Below we discuss available compression standards and the choice of

an algorithm to compress the experimental imagery used in Experiment One.

3.2 JPEG Standard Compression

"JPEG" stands for Joint Photographic Experts Group, a committee that has been involved
in proposing a standard for compressing high-quality still images. The JPEG standardization
activity in the U.S. is coordinated by the American National Standards Institute (ANSI) and
internationally by the ISO (International Standards Organization). It is only one of several ongoing
standardization activities attempting to impose some interimn order onto an extremely dynamic field
of endeavor. The Motion Picture Experts Group (MPEG) is developing another standard for full-
motion, color video. While MPEG looks promising for compressing full-motion video, it was not
available for testing at the time the experiments in this study were designed and conducted.

The main reason for emphasizing the JPEG/ISO compression standard for the present
study is that it is widely recognized and used, is well documented and available commercially in
both hardware and software implementations, and is an internationally recognized standard for still
image compression. It is not optimal for motion video compression, but the methods employed are
illustrative of compression techniques in general and thus useful for assessing human performance.

JPEG standards consist of a group of compression techniques that can be selected and used
in various ways to achieve varying levels of compression depending upon the particular
application. Three such techniques include: 1) a hybrid discrete cosine transform, 2) Huffman

. coding, and 3) differential pulse code modulation. For a more detailed, but still relatively high
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